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CHAPTER 1: INTRODUCTION 
Subduction zone is most active place in the world and is central for understanding global volatile 
circulation such as H2O and CO2 related to volcanism and intermediate-depth earthquakes. Water 
is dominant volatile in subduction zone. It has been known that mantle peridotite interacts with 
water and produce mainly hydrous minerals. These hydrous minerals are subducted and 
dehydrated to release water interacted with mantle wedge peridotite. Water controls chemical 
property of fluid in the subduction zone. If pressure and temperature increase, water can enhance 
dissolved solute concentration. Most common is Si-solute called Si-metasomatism. Furthermore, 
fluid in the subduction zone can carry Si, K, Al, Ca, and so on. Hydration and dehydration 
processes have been focused as key to solve fluid processes within mantle wedge and plate 
interfaces. Hydration of olivine and pyroxene main constituents of mantle wedge is most 
common reaction in mantle wedge, especially olivine. However, mechanism of mass transport in 
mantle wedge is still not fully understood. In this study, I have revealed mass transport during 
metamorphic processes in mantle wedge recorded from the Khantaishir ophiolite in the Altai and 
the Chandman areas, western Mongolia, Central Asian Orogenic Belt (CAOB).  
This thesis is composed of six chapters. Chapter 1 is introduction. Why subduction zone is an 
important for mass transport, significance of ophiolite study, what is the CAOB, characteristics 
of the Khantaishir ophiolite, and thesis structure are introduced. In Chapter 2, geological 
background of the Khantaishir ophiolite is outlined. Petrography and geochemistry of crustal and 
mantle rocks in the Altai and the Chandman areas are presented. Tectonic setting of crustal and 
mantle rocks based on geochemical data and comparison of two areas is discussed. In Chapter 3, 
metamorphism and mass transfer of ultramafic rocks from the Khantaishir ophiolite in the Altai 
area are exhibited. Firstly, petrography of ultramafic rocks and mineral chemistry are presented. 
From the Altai area, extraordinary secondary olivine originated from orthopyroxene during 
progressive hydrations is found. Finally, the timing of secondary olivine and multi-stage 
serpentinization, mechanism of secondary olivine, P-T condition for secondary olivine, and 
implication for mantle wedge hydration are discussed. In Chapter 4, metamorphism and mass 
transfer of ultramafic rocks from the Khantaishir ophiolite in the Chandman area is manifested. 
Firstly, petrography of ultramafic rocks and mineral chemistry are displayed. From the 
chandman area, novel texture of orthopyroxene recording Ca-metasomatism in mantle wedge is 
found. Finally, relationship between serpentinization and metasomatism, mechanism of 
orthopyroxene pseudomorph formation, P-T condition for orthopyroxene pseudomorphs, source 
and amount of fluids for Ca-metasomatism, and implication for mantle wedge metasomatism are 
discussed. In Chapter 5, all information obtained during this study is combined. Then, 
comparison between the Altai and the Chandman areas, and fluid processes in subduction zone 
recorded from the Khantaishir ophiolite are discussed. In Chapter 6, the general conclusions of 
this thesis are summarized.  
 
  
CHAPTER 2: GEOLOGICAL BACKGROUND AND GEOCHEMICAL CHARACTERISTICS 
OF CRUSTAL AND MANTLE ROCKS 
In chapter 2, previous studies carried out in the Altai and the Chandman areas, particularly 
covering the geology of the Khantaishir ophiolite are firstly outlined. Secondly, petrography and 
geochemistry of crustal and mantle rocks are presented.  
The Khantaishir ophiolite is located in the Lake zone, considered as one of island arc terrains, 
Mongolia, the Central Asian Orogenic Belt. The Khantaishir ophiolite in Altai area shows 
unbroken ophiolitic sequence from ultramafic rocks, pyroxenites, gabbro, dyke complex, to 
pillow lavas, and is suggested that it is related to subduction initiation revealed by high-Mg 
andesite (boninite) whereas the ophiolite in the chandman area is associated with the eclogite 
recording high P-metamorphism.  
Based on petrography, ultramafic rocks from the Altai are composed mainly of dunite and 
harzburgite whereas ultramafic rocks in the Chandman area are consisted mainly of harzburgite 
and lherzholite. Low Al/Si and high Mg/Si ratios of ultramafic rocks from the Altai and the 
Chandman areas are almost the same as those of the Mariana forearc serpentinites. In addition, 
the trace element patterns of ultramafic rocks from the Altai and the Chandman areas indicate 
that enrichments in fluid mobile elements (Cs, Rb, Ba, and Sr) are consistent with trace element 
pattern of forearc serpentinites. These geochemical characteristics of ultramafic rocks in the 
Altai and the Chandman areas are then revealed that the bulk-rock chemistries in both areas 
suggest the alteration processes occurred in the forearc setting. Low Ti, V, and Zr of mafic rocks 
in the Altai area suggest that island arc and boninite signature whereas in the Chandman area 
metamorphic rocks (amphibolite and amphibolized eclogite) have high Ti, V, Zr suggesting 
origin of mid-oceanic ridge. Combining the geochemical signatures of igneous rocks and of 
metamorphic rocks, and of ultramafic rocks in the Khantaishir Ophiolite, the results suggest that 
all rocks are formed in subduction zone setting within the Central Asian Orogenic Belt (CAOB).  
 
  
CHAPTER 3: METAMORPHISM AND MASS TRANSFER OF ULTRAMAFIC ROCKS 
FROM THE KHANTAISHIR OPHIOLITE IN ALTAI AREA 
In chapter 3, mantle rocks in altai area are investigated and records multi-hydration processes 
associated with secondary olivine formation after orthopyroxene in mantle wedge. 
Metaharzburgite and metadunite in the ultramafic body (Naran Massif) of the Khantaishir 
Ophiolite in western Mongolia record multi-stage processes of serpentinization (antigorite, 
lizardite + brucite, then chrysotile). In the metaharzburgite, a novel occurrence of fine-grained 
(10–50 µm) secondary olivine (S-olivine) occurs as aggregates (a few millimeters across) with 
bands of antigorite. The S-olivine has higher values of Mg# (0.96–0.98) than the P-olivine (Mg# 
= 0.92–0.94) and contains inclusions of clinopyroxene and magnetite. The P-olivine has been 
replaced by antigorite and magnetite. Mesh textures of lizardite and brucite were developed both 
in P- and S-olivine. These features suggest (1) S-olivine aggregate was formed via replacing 
orthopyroxene, and (2) S-olivine formation and multi-stage hydration occurred during cooling. 
Assuming the mantle wedge beneath thin crust (~0.5 GPa), orthopyroxene was firstly replaced 
by Fe-rich S-olivine and talc at 500-650 ˚C. At this stage, P-olivine was not serpentinized due to 
lower-silica activity than orthopyroxene region. With progressive cooling (i.e., 400-500 ˚C) and 
fluid supply, talc was changed to antigorite in the orthopyroxene region with releasing silica, and 
P-olivine was changed to antigorite solely surrounding orthopyroxene by consuming silica. In 
the lower temperature, Fe-rich secondary olivine was changed to Fe-poor secondary olivine by 
producing magnetite. At temperature below 300 °C, lizardite and brucite were formed with 
mesh-like textures both in remains of P- and S-olivines. This sequencial process of the S-olivine 
formation contrasts with the commonly invoked process of deserpentinization. Our results 
suggest that at the initiation of plate subduction, mantle wedge beneath thin crust was 
continuously cooled in accordance with fluid supply by the dehydration of subducting slab, that 
produce the characteristic reactions of S-olivine after orthopyroxene. 
  
CHAPTER 4: METAMORPHISM AND MASS TRANSFER OF ULTRAMAFIC ROCKS 
FROM THE KHANTAISHIR OPHIOLITE IN CHANDMAN AREA  
In chapter 4, outstanding alteration textures of orthopyroxene as an evidence for significant Ca-
metasomatism within the mantle wedge, and its relation to the hydration processes are revealed. 
Orthopyroxene in peridotite shows intense replacement. The mineralogy of the orthopyroxene 
replacement is divided into two types: secondary Cpx (S-Cpx) + tremolite (Tr), S-Cpx + 
tremolite (Tr) + S-olivine. S-olivine shows lower Mg# (0.85-0.91) than the primary ones 
(Mg#=0.90-0.91), and S-Cpx shows the lower Al content and higher Mg# than the primary Cpx. 
Primary Cpx shows no alteration. Opx replacement area shows that Opx is replaced by Ca-
minerals more than 60 %. Serpentine area after primary olivine varies from 15-80 %.  Also the 
Ca metasomatism products (S-Cpx, Tr) are commonly replaced by antigorite vein. These 
evidences suggest (1) no correlation between serpentinization and Ca-metasomatism, and (2) 
main hydration (antigorite formation) occurred after Ca metasomatism. The stability field of 
mineral assemblage of the Opx replacement was consistent with the P-T conditions of pelitic 
schist and eclogite bodies in the Chandman area (T= 590-630 °C and P=11-16 kbar). Activity of 
CaO and SiO2 for Opx replacement shows that Opx is not stable at high Si and Ca activities. 
Mass-balance calculation for the Opx pseudomorph showed the gains of Ca and water, and 
losses of silica, Mg and Fe. Due to the lack of Ca source in the primary minerals, significant 
amount of Ca metasomatism could be generated by marble.  
  
CHAPTER 5: COMPARISON BETWEEN THE ALTAI AND THE CHANDMAN AREAS 
AND FLUID PROCESSES IN THE SUBDUCTION ZONE 
In chapter 5, comparison between the Atlai and the Chandman areas is summarized. The 
comparison suggests that the Khantaishir ophiolite in the Altai is different tectonic evolution 
from the Chandman regarding age, and alteration history. Ultramafic rocks in the Altai and the 
Chandman areas record mass transport during high T hydration and metasomatism in the mantle 
wedge. Mantle wedge alteration reported reveals that orthopyroxene plays an important role on 
hydration and metasomatism of the mantle wedge at high T.  
This study contributes new insight into mass transport during metamorphic processes in mantle 
wedge from the Central Asian Orogenic Belt.  
 
CHAPTER 6: CONCLUSIONS 
In chapter 6, based on results and interpretations of previous chapters, general conclusions are 
summarized.  
The methodology followed in the present research consists of detailed field survey, combined 
with the application of instrumental techniques (Optical microscopy, WD-XRF, ICP-MS, EPMA, 
Raman spectroscopy, and EBSD) and mineral phase relationship derived from computational 
thermodynamics (Perple_X). 
 
